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Field of Invention 

[0001] The present invention relates to pneumatic vehicle tires and in particular to improved 
tread patterns for such tires. 

Background 

[0002] The tread pattern of a pneumatic vehicle tire, i.e., the pattern of grooves and sipes defined 
in the tread of the tire, plays a large role in the tire's overall performance. Although many tread 
designs have already been developed, there is always a need for new tread designs which foster 
improved traction on dry roads as well as on slippery roads due to rain and snow. 



[0003] In accordance with the present invention, it has been found that a tread design having 
shoulder ribs of a particular width and a land-sea area which is about 4-8% greater than its void 
• volume provides a tire exhibiting improved traction both on dry and slippery surfaces. 

[0004] Accordingly, the present invention provides an improved pneumatic tire whose tread 
pattern has four or five circumferential ribs including inner and outer shoulder ribs, each having 
a set of lateral grooves extending from their respective shoulders toward but not reaching an 
adjacent circumferential groove, the shoulder ribs also having multiple sipes arranged between 
adjacent pairs of lateral grooves, wherein the width of at least one shoulder rib is between about 
17% and about 19% of the width of the tread, and further wherein the land-sea surface area 
defined by the tread is about 4-8% larger than the void volume defined by the tread. 



[0005] The present invention may be more readily understood by reference to the following 
drawings wherein: 




RADIAL TIRE WITH IMPROVED TREAD PATTERN 



SUMMARY OF THE INVENTION 



BRIEF DESCRIPTION OF THE DRAWINGS 
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[0006] Fig. 1 is a front view of the inventive tire illustrating its tread pattern; 

[0007] Fig. 1 A is a perspective view of a partial section of the tire of Fig. 1 ; 

[0008] Fig. 2 is a plan view illustrating the tread pattern of the tire of Figs 1 and 1 A; 

[0009] Fig. 3 is a drawing illustrating particular design features of some of the sipes in the tread 
pattern illustrated in Fig. 2; 

[0010] Figs. 4, 4A and 4B are schematic representations of the thickness of the tread of the tire 
of Fig. 1 

[001 1] Figs. 5 and 5A are views similar to Figs. 1 and 1 A illustrating the tread pattern of the tire 
of these figures when 50% worn; 

[0012] Figs. 6 is a repeat of Fig. 2, while Fig. 6 A is a view similar to Fig. 6 illustrating an 
alternate embodiment of the inventive tire having a reversed tread pattern; 

[0013] Figs. 7 and 7A are views similar to Figs. 1 and 1A showing still another embodiment of 
the inventive tire; and 

[0014] Fig. 8 is a schematic representation showing the details of the groove geometries in the 
tire illustrated in Figs. 1, 1 A and 2. 

DETAILED DESCRIPTION 

[0015] The inventive pneumatic tire, which is generally shown at 10 in Figs. 1 and 1 A, is formed 
from inner side wall 12, outer side wall 14 and tread 16 extending therebetween. In this context, 
"inner" and "outer" are used merely for ease of description, it being understood that tire 10 can 
be mounted on a vehicle so that either inner side wall 12 or outer side wall 14 faces the vehicle's 
interior. Normally the width of tread 16, which is the distance TW between shoulders 40 and 48 
as shown in Fig. 2, will be about 80-90% of the overall nominal width of the tire, in accordance 
with well-known design criteria. 

[0016] Referring to Fig. 2, the tread pattern 18 defined by tread 16 is composed of inner 
circumferential groove 20, outer circumferential groove 22 and intermediate circumferential 
grooves 24 and 26 therebetween. These circumferential grooves divide tread 16 into five 
circumferential tread ribs including central rib 28, inner shoulder rib 30, outer shoulder rib 32 
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and intermediate ribs 34 and 36 between central rib 28 and inner and outer shoulder ribs 30 and 
32, respectively. 

[0017] The width of inner shoulder rib 30 or outer shoulder rib 32, and preferably both, should 
be about 34-38% of the half-width of tread 16 when determined under standard conditions. In 
this regard, see U.S. Patent No. 6,340,040 Bl to Dceda, which in col. 2, lines 19-43, discusses 
measuring tread width and the like under standard conditions. The disclosure of this patent, 
excluding col. 2, lines 36-37, which are specific to the invention of that patent, is incorporated 
herein by reference. Alternatively, the width of one or both of these shoulder ribs may be about 
35-37% of this half-width. This means that the width of inner shoulder rib 30 or outer should rib 
32, and preferably both, should be about 17-19% and even 17.5-18.5%, of the width of tread 16. 
These widths can be determined by measuring the tire in question directly or by generating a full 
size tire "footprint" by inking the tread of the tire, rolling the tire over a piece of paper or the like 
to produce a "footprint" and then measuring the footprint. 

[0018] As shown in Fig. 2, inner shoulder rib 30 defines a set of lateral grooves 38 which extend 
from the edge of shoulder 40 of tread 16 toward, but not all the way to, inner circumferential 
groove 20. In addition, shoulder rib 30 also defines multiple sipes 42 and 44 between adjacent 
pairs of lateral grooves 38 which extend all the way to inner circumferential groove 20. In the 
same way, outer shoulder rib 32 defines a set of lateral grooves 46 which extend from shoulder 
48 of tread 16 toward, but not all the way to, outer circumferential groove 22. Similarly, outer 
shoulder rib 32 also defines multiple sipes 50 and 52 between adjacent pairs of lateral grooves 46 
which extend all the way to outer circumferential groove 22. In the particular embodiment 
shown, lateral grooves 38 and sipes 42 and 44 in inner shoulder rib 30 (and lateral grooves 46 
and sipes 50 and 52 in outer shoulder rib 32) are spaced such that the distance between lateral 
groove 38 and sipe 42 versus the distance between sipes 42 and 44 versus the distance between 
sipe 44 and the adjacent lateral groove 38 are in a ratio of 25/50/25 to 35/30/35. 

[0019] Referring again to Fig. 2, intermediate ribs 34 and 36 also define respective sets of lateral 
grooves 68 and 70, which preferably extend from the circumferential groove on one side of the 
rib toward but not all the way to the circumferential groove on the other side of the rib. In 
addition, intermediate rib 34 defines one or more sipes 76 and 78 between adjacent pairs of 
lateral grooves 68 which extend all the way between outer circumferential groove 20 and 
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intermediate circumferential groove 24. Likewise, intermediate rib 36 defines one or more sipes 
80 and 82 between adjacent pairs of lateral grooves 70 which extend all the way between outer 
circumferential groove 22 and intermediate circumferential groove 26. Thus, adjacent lateral 
grooves in combination with the associated sipes in one or both of ribs 34 and 36 define U- 
shaped rib sections 84 and 86 which face in opposite directions. In this context, "opposite 
directions" means, for example, that U-shaped rib section 84 faces intermediate circumferential 
groove 26, while U-shaped rib section 86 faces outer circumferential groove 22. 

[0020] Note, also, that in the particular embodiment shown in Figs. 1, 1 A and 2, a pair of sipes is 
included between each adjacent lateral groove in intermediate ribs 34 and 36, thereby defining I- 
shaped rib sections between adjacent lateral grooves. Thus, for example, sipes 76 and 78 define 
I-shaped rib section 90 in intermediate rib 34, while sipes 80 and 82 define I-shaped rib section 
92 in intermediate rib 36. As can be seen from these figures, adjacent sipes are essentially 
parallel, whereby the I-shaped rib sections defined thereby have an essentially constant width 
and essentially the same configuration form I-shaped rib section to I-shaped rib section. 

[0021] As further shown in Fig. 2, the sipes in intermediate ribs 34 and 36 are not only curved 
but also arranged at an acute angle with respect to the axial direction of the tire. This is 
illustrated in Fig. 3, which shows that sipes 80 and 82, for example, are not only curved but in 
addition are arranged so that one end of the sipe intersects outer circumferential groove 22 at an 
acute angle a while the other end of the sipe intersects inner circumferential groove 26 at an 
acute angle /3. Especially interesting tires are those in which angle a is about 40-50°, more 
particularly about 45°, and further in which angle /3 is about 20-30°, more particularly about 25°. 
Tires in which the radius of curvature of these sipes is about 40 mm to about 120 mm, 
particularly about 90 mm, are also of special interest. 

[0022] Fig. 2 also illustrates the structure of central rib 28 of tread pattern 18. Like intermediate 
ribs 34 and 36, central rib 28 also defines a set of lateral grooves 66 which preferably extend 
between the circumferential groove on one side of the rib toward but not all the way to the 
circumferential groove on the other side of the rib, with alternating lateral grooves 
communicating with opposite circumferential grooves. Thus, lateral groove 66 as shown in Fig. 
2 communicates with intermediate circumferential groove 26 but not circumferential groove 24, 
while the next adjacent lateral grooves on each side of lateral groove 66 communicate with 
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intermediate circumferential groove 24 but not circumferential groove 26. In addition, like 
intermediate ribs 34 and 36, central rib 28 also defines one or more sipes 72 and 74 between 
adjacent pairs of lateral grooves 66 which extend all the way between intermediate 
circumferential grooves 24 and 26. 

[0023] Central rib 28, however, differs from intermediate ribs 34 and 36 in that an additional 
short sipe 100 is provided in central rib 28 to connect the shortened end of lateral groove 66, i.e., 
the end of lateral groove 66 extending toward but not communicating with inner circumferential 
groove 24, with this circumferential groove. Similar sipes are provided to connect the shortened 
end of all of the other lateral grooves in central rib 28 with inner circumferential grooves 24 and 
26, as the case may be. Thus, rather than defining U-shaped rib sections, lateral grooves 66 in 
combination with sipes 72, 74 and 100 in central rib 28 define L-shaped rib sections 75 and 
associated I-shaped rib sections 77. 

[0024] Central rib 28 differs from intermediate ribs 34 and 36 additionally in that sipes 72 and 
74, rather than being essentially parallel, curve in a concave manner with respect to one another. 
As a result, I-shaped rib section 88 between these sipes is larger in its center than at its top and 
bottom. At the same time, the sipes defining the next adjacent I-shaped rib section on both sides 
of I-shaped rib section 88 curve in a convex manner with respect to one another. As a result, the 
I-shaped rib sections defined by these sipes are smaller in their centers than at their tops and 
bottoms. Moreover, as further shown in this figure, these concave and convex I-shaped rib 
sections alternate with one another around the circumference of the tire. 

[0025] These additional design features are optional in that central rib 28 can be designed to 
have the same configuration as intermediate ribs 34 and 36, if desired. Indeed, central rib 28 can 
be totally eliminated, if desired, as further discussed below in connection with Figs. 7 and 7A. 

[0026] In any event, sipes 72 and 74 in central rib 28, like sipes 76, 78, 80 and 82 in intermediate 
ribs 34 and 36, are also preferably curved as well as arranged at acute angles a and /? with respect 
to the axial direction of the tire. See, Fig. 3. Moreover, as in the case of sipes 76, 78, 80 and 82, 
angle a in connection with sipes 72 and 74 is also typically about 40-50°, more particularly about 
45° while angle /? is typically about 20-30°, preferably 25°. Tires in which the radius of curvature 
of sipes 72 and 74 is about 40 mm to about 120 mm, particularly about 90 mm, are also of 
special interest. 
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[0027] Figs. 4, 4A and 4B illustrate the thickness of the tread of the tire of Figs. 1, 1A and 2. 
Like a conventional pneumatic tire, tire 10 includes a carcass 1 10 composed of a number of plies 
of tire cord and fabric. Tread 16 is mounted on carcass 110 and can be regarded as being 
separated by an imaginary plane 112 into an upper portion 114 and a lower portion or 
"undertread gauge" 1 16. Upper portion 1 14 extends from the outer circumferential surface 118 
of the tire to the bottom of circumferential grooves 22 and 26 and thereby defines a "non-skid 
depth" of tread 16, which is represented by arrow 120 in Fig. 4. 

[0028] Current tread depth legislation requires that car tires must have a minimum of 1.6 mm of 
tread above undertread gauge 116 in a continuous band throughout the central 3 A of the tread 
width and over whole circumference of the tire. To help determine when this tread depth is near, 
most tires including the inventive tires include tread wear indicators 122 in the form of small 
projections in the grooves of the tread. These projections extend above undertread gauge 116 
and thereby identify a "tread wear indicator height" 124 which is above the bottoms of 
circumferential grooves 22 and 26. 

[0029] In accordance with the present invention, lateral grooves 66 in central rib 28 and lateral 
grooves 68 and 70 in intermediate ribs 34 and 36 may be deeper than in comparable tires. Thus, 
grooves 68 and 70 may extend to a depth that is at or below one-half of non-skid depth 120, or to 
a depth that is at or below tread wear indicator depth 124, or even all the way down to non-skid 
depth 120. This is illustrated in Fig. 4B which shows lateral groove 70 in intermediate rib 36 
extending down to the tread wear indicator depth 124 of tread 16, while lateral groove 66 in 
central rib 28 extends down to non-skid depth 120 of the tread. As illustrated in Fig. 4A, lateral 
grooves 38 in inner shoulder rib 30 and lateral grooves 46 in outer shoulder rib 32 preferably 
extend all the way to the non-skid depth of the tread. 

[0030] As in other pneumatic tires, tread 16 of tire 10 defines a void volume, which is a measure 
of the volume of open space in a given volume of tread above the bottoms of circumferential 
grooves 22 and 26, which is represented by section line 112 in Fig. 4. Similarly, tread 16 also 
defines a "land-sea surface area ratio," which is a measure of the surface area of the outside 
surface 1 18 of the tread which is occupied by grooves and sipes relative to the entire surface area 
of the tread. Normally, the land sea area defined by tread 16 of tire 10 will be about 4-8% larger 
than its void volume. For example, if the void volume is 26%, then the land-sea area ratio will 
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be about 30-34%. In the particular embodiment illustrated in Figs. 1, 1 A and 2, tread 16 defines 
a void volume of about 26.3 ±1.0%, more especially about 26.3 ±0.5%, and a land-sea surface 
area ratio of about 32.0 ±1.0%, more especially about 32.0 ±0.5%. Tires in which 62 to 70%, 
and in particular about 67%, of the "sea area" is due to the circumferential grooves of the tread 
are especially interesting. In this context, "sea area" means the surface area of the tread defined 
by grooves and sipes. 

[0031] Another optional feature of the inventive tire is that the lateral grooves, sipes and tread 
sections defining tread pattern 18 can be arranged in repeating groups or "pitches" of different 
circumferential lengths for reducing rolling noise of the tire. For example, in a tire having an 
outside diameter of 690 mm or more, the lateral grooves, sipes and tread sections defining the 
tread design of Figs. 1, 1A and 2 can be arranged in 66-70 repeating pitches having at least three 
different circumferential lengths for reducing rolling noise of the tire. For tires having outside 
diameters of 620-690 mm, the tread pattern of Figs. 1, 1A and 2 can conveniently be arranged 
into 66 of these pitches. 

[0032] As indicated above, the inventive tire has been designed to exhibit improved traction on 
both dry road surfaces as well as road surfaces made slippery by rain or snow. Improved dry 
traction is due to a number of design features including the width of shoulder ribs 30 and 32. In 
addition, the ability of U-shaped rib sections in the intermediate ribs and corresponding L-shaped 
rib sections 75 and I-shaped rib sections 77 in central rib 28 to "interlock" with their adjacent I- 
shaped rib sections because sipes 72, 74, 76, 78, 80 and 82 are curved in configuration also 
contributes to this result. The void volume and land sea area of the tread in the particular tire 
shown also contribute, as does the low pitch number. 

[0033] Similarly, improved traction in rain or snow is due, among other things, to the depth of 
lateral grooves 66, 68 and 70, which provides rib flexibility and larger lateral gripping edges on 
snow, both when the tire is new as well as after it is worn. The particular relative spacing 
between the lateral grooves and the sipes in the shoulder ribs also contributes to this result. 
Similarly, the use of curved sipes arranged at acute angles, especially in the central and two 
intermediate ribs, also contributes to this result. The void volume and land sea area of the tire in 
the particular embodiment shown also contribute to this result, as they promote greater water 
dispersion and improved "self-cleaning" in the snow. 
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[0034] In particular, the enhanced traction of the inventive tire is attributable among other things 
to a balance between the sipes, grooves and amount of rubber in its tread, which is in turn is 
reflected in the arrangement of sipes and lateral grooves in the tread, the relative ratio of the void 
volume to the land-sea area ratio in the tread, and the total number of pitches in the tread. 

[0035] Still another important feature of the inventive tire is that it maintains its appearance after 
substantial tread wear. This is shown in Figs. 5 and 5A, which illustrate the appearance of the 
tire of Figs. 1 and 1A after 50% of tread 16 has been worn away. As can be seen by comparing 
these figures, the appearance of tread 16 when so worn is almost identical to that of this tread 
when new, the only difference being that some of the sipes are divided in two, since they are 
designed with small projections in their central sections for pattern stability. 

[0036] Fig. 6 A shows an additional embodiment of the inventive tire in which the lateral grooves 
and sipes in all five circumferential ribs are configured in a reverse orientation with respect to the 
orientation shown in Fig. 6, which is a duplicate of Fig. 2. In the embodiment of Figs. 7 and 7A, 
central rib 28 in tire 10 has been totally eliminated. This embodiment of the invention is 
especially appropriate for tires having nominal widths of 195 mm or less, while the embodiment 
illustrated in Figs. 1, 1A and 2, is especially appropriate for tires having nominal widths of 205 
mm or more. 

[0037] Finally, Fig. 8 has been presented to show the details of the groove geometries in the tire 
illustrated in Figs. 1, 1A and 2. As can be seen from this figure, the side walls of the lateral 
grooves in the central and intermediate tread ribs, which are depicted by Section C-C, are 
arranged at an angle of about 1° with respect to the vertical. Similarly, the side walls of the 
lateral grooves in the shoulder ribs, which are depicted by Section D-D, are arranged at an angle 
of about 5° with respect to the vertical. On the other hand, the side walls of the circumferential 
grooves, which are depicted by Sections A-A and B-B, are arranged at an angle 7 with respect to 
the vertical, with angle 7 varying from about 10° to about 15°. As indicated above, it is desirable 
that the tread 16 of the tire of Figs. 1, 1A and 2 have a particular void volume and a particular 
land-sea area ratio. To deal with this problem, angle 7 can be changed in tires of different sizes, 
so that the desired void volume and land-sea area ratio can always be maintained. 

[0038] Although only a few embodiments of the present invention have been described above, it 
should be appreciated that many modifications can be made without departing from the spirit and 
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scope of the invention. All such modifications are intended to be included within the scope of 
the present invention, which is to be limited only by the following claims: 
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